Simulation Package (VASP) 1 based on the projector augmented wave (PAW) 2 method with a cutoff energy of 300 eV. All of configurations of CsPb x Al 1-x Br 3 were fully optimized using a conjugate-gradient algorithm. The Monkhorst-Pack k-point grids are generated according to the specified k-point separation of 0.02 Å -1 and the convergence thresholds are set as 10 -6 eV in energy and 10 -3 eV/Å in force. The generalized gradient form (GGA) of the exchange-correlation functional (Perdew-Burke-Ernzerhof96, PBE) was adopted. 3 And considering the non-local interaction, we has added the correction of van der Waals (vdW) in version of vdW-DF2 in this calculation. 4 The band structures were calculated along high 
